any differences in survival rates between patients with a germinoma with a high or low HCG level have not been conclusive. 9, 11, 13 Some studies have reported no statistically significant difference in survival rates between groups based on HCG secretion level. 11, 13 However, these studies defined high HCG levels as serum HCG titers higher than the normal limit or 50 IU/L. [11] [12] [13] Although detection in CSF is more sensitive than that for serum according to the results of previous reports, 1, 10 our enzyme immunoassay (EIA) was sensitive enough to measure the lowest levels in both the sera and CSF of the examined patients. 6, 7 We therefore measured HCG levels in both the sera and CSF in patients with a histologically proven germinoma by using our highly sensitive EIA, which is more than 100 times more sensitive than the conventional method. 6, 7 We analyzed the frequency and magnitude of HCG secretion and its prognostic significance in patients with a germinoma.
Our results demonstrate that the majority of histologically proven germinomas secrete HCG, and a subset of the tumors that produce high CSF HCG levels tend to recur. These findings suggest that germinomas should be classified by using a higher HCG level than that used in past studies.
Methods

Patients and clinical Materials
In this study, we included 46 patients whose diagnoses were established pathologically and who had CSF and blood sample records from both the pretreatment and posttreatment periods. Diagnoses included 35 germinomas, 7 NGGCTs (5 mixed GCTs with a germinoma component, 1 embryonal carcinoma, and 1 immature teratoma), and 4 other intracranial lesions (1 pilocytic astrocytoma, 1 central neurocytoma, 1 radiation-induced meningioma, and 1 radiation necrosis) that were not distinguished from GCTs preoperatively. In this cohort, we defined germinomas as tumors diagnosed pathologically without AFP elevation in both the serum and CSF at onset, regardless of HCG elevation in the serum and/or CSF, synthiotrophoblastic cell presence, and HCG positivity according to immunostaining. This investigation was approved by the ethical committee of the Saitama Medical University International Medical Center and Saitama Medical University Hospital.
hcg Measurement
We analyzed pretreatment and posttreatment HCG levels in the sera and CSF of patients with a histologically proven germinoma by using a highly sensitive assay known as an immune complex transfer (ICT) EIA. The details of ICT EIA were described elsewhere. 6, 7 The limits of detection using ICT EIA were 0.2 pg/ml for both sera and CSF. ICT EIA can detect equimolar quantities of intact HCG and free HCG-β. The HCG cutoff level for ICT-EIA detection was set at 30 pg/ml, which is the maximum level in unaffected patients. 6 We excluded patients younger than 10 years and older than 50 years from this analysis because HCG cutoff levels are unknown in patients who have not attained puberty and in those who have reached menopause. 6, 7 Total HCG levels were measured by using a chemiluminescence immunoassay, and free HCG-β levels were measured via radioimmunoassay.
statistical analysis
For statistical analyses, subgroup comparisons were performed by using the t-test, Pearson's chi-square test, and Fisher's exact test. Overall survival was defined as the probability of survival. Progression-free survival was defined as the probability of remaining alive and free of progression or relapse. Survival curves were plotted by using the Kaplan-Meier method. The log-rank test and the Cox proportional hazards model were used to detect differences in survival rates between different groups of patients. Two-sided tests were used for all analyses, and p values of < 0.05 were considered significant. JMP 9 (SAS Institute Inc.) was used for all analyses.
results
Clinical characteristics of the 35 patients are summarized in Table 1 and the Supplementary Tables. For diagnosis, surgical procedures included endoscopic or stereotactic biopsy (19 patients) followed by partial removal or biopsy with craniotomy (9 patients), transsphenoidal surgery (2 patients), and unknown methods (5 patients) (Supplementary Tables). Each patient was treated with radiotherapy and chemotherapy. Radiation fields included the whole ventricle in 25 patients; the whole brain in 7 3-8 cycles) . The treatment responses were complete response (CR) for 28 patients, nearly CR with minor enhancement for 2 patients, and unknown response for 5 patients. The median follow-up period was 63 months (range 5-154 months).
The median CSF HCG levels in patients with a germinoma during the pretreatment and posttreatment evaluations were 192.5 pg/ml (range 1.2-13,116.5 pg/ml) and 18.7 pg/ml (range 1.2-283.9 pg/ml), respectively, and the difference was statistically significant (p = 0.003). Before treatment, HCG levels in the CSF were greater than the 30-pg/ml cutoff value in 85.7% of the patients with a germinoma (Fig. 1) .
Using other methods for HCG examination, we detected CSF total HCG in 9 (75%) of 12 patients and CSF free HCG-β in of 13 (59%) of 22 patients. CSF HCG levels detected by an ICT EIA tended to correlate with both free HCG-β (R 2 = 0.47, p = 0.004) and total HCG (R 2 = 0.11, p = 0.28) levels in CSF (Supplementary Figure) .
The median CSF HCG levels before treatment were 441.6 pg/ml (range 8.7-4977 pg/ml) in patients with an NGGCT and 11.0 pg/ml (range 2.9-248.9) in patients with another type of intracranial lesion. The HCG level was more than 30 pg/ml in 1 patient with an intracranial lesion whose pathological diagnosis was central neurocytoma.
After treatment, CSF HCG levels analyzed by ICT EIA were greater than the cutoff value in 9 (25.7%) patients with a germinoma, and 4 of those patients had a recurrence after a median of 56 months (range 7-115 months). Those patients tended to experience recurrence more frequently than patients whose CSF HCG levels were under the cutoff value after treatment (4 of 9 patients vs 3 of 26 patients, respectively) although this difference was not statistically significant (p = 0.055).
For patients with a germinoma, the estimated 4-year overall and progression-free survival rates were 100% and 85.9%, respectively. Seven patients experienced recurrence during follow-up (Table 2) . Pathological confirmation of recurrence was performed for 2 patients, and both diagnoses were germinoma recurrence. Almost every patient treated for recurrent tumors achieved CR, except for 1 patient whose tumor recurred with an elevation in both HCG and AFP levels. The recurrent tumor appeared to have undergone malignant transformation from a germinoma to a highly malignant GCT, such as a yolk sac tumor, or to have expanded from a component overlooked during the first surgery. The CSF HCG levels at onset were greater than 1000 pg/ml in 5 of 7 patients with recurrence ( Fig. 1) . Three of the 5 patients experienced recurrence more than 5 years after onset. We compared survival rates between the patients with CSF HCG levels greater than 1000 pg/ml and those with level less than 1000 pg/ml, and the difference between the groups was statistically significant (p = 0.029) (Fig. 2) , although serum HCG levels did not affect the prognoses of patients with a germinoma.
Discussion
In this study we examined HCG secretion in intracranial germinomas and its impact on patient prognoses. A subset of germinomas reportedly secrete HCG.
1,5,10,11 Allen et al.
1 reported serum and CSF HCG values in 58 newly diagnosed patients with a histologically confirmed germinoma. CSF HCG was detected in 22 (37.9%) patients with a germinoma, whereas HCG was detected in only the sera of 3 (5.2%) patients. In another study by Ogino et al., 11 11 (69%) of 16 patients had high HCG levels in their CSF, but the patient group included patients whose tumors were diagnosed without histological confirmation. In our study, CSF HCG levels exceeded the cutoff level in 85.7% of the patients with a pathologically confirmed germinoma during pretreatment evaluation. Our data suggest that almost all germinomas secrete HCG, and the term "HCGproducing germinoma" might be redundant.
Regarding the correlation between HCG levels and the prognosis of patients with a germinoma, our analysis shows that germinomas should be subcategorized using higher HCG levels than those used in past studies. Regarding serum HCG levels, we cannot determine a serum cutoff value for the risk stratification of germinoma.
The data in this retrospective study were assessable because all tumor diagnoses were confirmed pathologically, and most patients received similar treatments. However, this research has some limitations. First, the tumors may have been misclassified because of the limited sample obtained. In particular, some patients with a germinoma and elevated HCG levels may have had a choriocarcinoma component outside the specimen used for pathological diagnosis. However, it is impossible to determine the precise component of GCTs unless we remove them en bloc, which cannot and should not be done. Hence, good responsiveness of both the initial and recurrent tumors may imply diagnostic accuracy in almost all cases. Second, our number of patients was small; thus, we need to validate the relationship between CSF HCG levels and prognoses of patients with a germinoma in a larger cohort. Third, in this cohort, we have few data about total HCG values using the most sensitive commercially available HCG testing kits, which are more popular than the ICT-EIA method and the assays recommended for measuring HCG by clinical practice guidelines for extracranial GCTs given by the American Society of Clinical Oncology.
3 Last, we need to remember that tumors other than GCTs can secrete HCG. 4 Among intracranial lesions, craniopharyngioma and Langerhans cell histiocytosis can produce HCG also. Therefore, the presence of HCG is not always the hallmark for a GCT diagnosis.
conclusions
We analyzed HCG levels in the sera and CSF of patients with a histologically proven germinoma using the highly sensitive ICT-EIA method. Results of this study suggest that the majority of germinomas can secrete HCG. Patients with germinomas that secreted extremely high amounts of HCG, more than 1000 pg/ml in CSF, experienced recurrence more frequently. 
Fig. 2.
Estimated survival rates of patients with germinoma and a CSF HCG level higher than 1000 pg/ml compared to patients with a CSF HCG level lower than 1000 pg/ml. Kaplan-Meier curves show the probability of progression-free survival.
